Because treatment with lithium salts may impair renal concentrating ability, we investigated the possibility of a direct effect of lithium ions on the permeability to water of the collecting duct epithelium. The coefficient of hydraulic conductivity (Lp) of isolated perfused rabbit cortical collecting tubules (CCT) was measured in the presence and absence of arginine-8-vasopressin (AVP), or 8-bromo (Br) cyclic AMP (cAMP) and/or lithium chloride (Li 10 mM). In the absence of AVP, Li in the lumen for 30 min failed to affect basal water permeability; however, in tubules preincubated with Li in the lumen for 80 min, basal water permeability was reduced to 30% of the value found in control tubules (P < 0.01). In CCT incubated at 25°C with Li in the lumen for 3 h, the hydroosmotic response to 2.5 sU -ml-E AVP (Lp = 6.88±1.54 nl cm-2. S-atm-n) was significantly lower than that in the control tubules (13.98±1.59, P < 0.01); the inhibition was not reversible. When Li was present in the peritubular medium only, the hydroosmotic effect of AVP was not different from that of the controls. The hydroosmotic effect of 25 uU/ml AVP was investigated at 37°C. CCI exposed to Li in the lumen had a 49% inhibition of peak Lp under AVP (Lp= 10.98±1.17) as compared with control tubules (L, = 21.39±1.51; P < 0.005). In contrast, the hydroosmotic response to 8-Br-cAMP was not affected by lithium. The results are compatible with the view that Li inhibits the action of AVP at the level of the regulating protein or the catalytic unit of the membrane adenylate cyclase and that the site of the interaction can be reached by lithium only from the cytoplasmic side. The Li-antidiuretic hormone (ADH) interaction found here may represent the earliest pathophysiological event underlying the renal concentrating defect observed after Li administration.
Introduction
Lithium salts are extensively used in the treatment of several disorders, mainly manic depressive psychosis (1) . Unfortunately, important side effects have been reported in patients chronically treated with lithium (2-4). The most prominent was polyuria associated with polydipsia (5) (6) (7) (8) (9) (10) Receivedfor publication 11 July 1985. (ADH)' release (11) (12) (13) . Nevertheless, the fully developed syndrome usually displays all the features of a nephrogenic type of diabetes insipidus (6, (9) (10) (11) (13) (14) (15) . Central to the clinical picture is a markedly impaired concentrating ability after dehydration that resists exogenous vasopressin in patients on long-term Li therapy (6, 16) . In addition, ADH levels after dehydration were reported to be higher in patients on Li treatment as compared with controls (17, 18) ; Gold et al. (19) reported higher ADH levels in response to osmotic stimuli in patients on Li therapy. This argues against the hypothesis ofa central origin ofthe polyuria. Other studies go further in analyzing the concentrating defect. Rats receiving lithium also developed vasopressin resistant polyuria (6, (20) (21) (22) . Analysis of their renal tissue did not reveal suppression of the corticopapillary Na gradient (6) . In a recent study conducted in rats chronically fed with lithium, a decrease in the medulla urea content was believed to contribute to the pathogenesis of the concentrating defect (23) . The effects of acute lithium administration had been tested in clearance studies in nonhuman primates (24) and also in man (13); in these experiments free water reabsorption was found to be significantly depressed, whereas free water clearance remained unchanged. Thus, on the basis of indirect approaches, the main component of the concentrating mechanism which is altered by lithium appears to reside in the water permeability properties of the collecting tubular epithelium rather than in the salt transporting capacity of the thick ascending limb ofthe loop of Henle. These results, however, were not confirmed in the rat where acute lithium administration inhibited salt transport in the loop of Henle (25) . Several in vitro studies have attempted to clarify the mechanisms of the concentration defect induced by acute lithium administration. However, the results ofthese studies are largely controversial. The vasopressin-stimulated water flow in toad bladder is depressed by lithium in some (26) (27) (28) but not in other studies (29) . Moreover, the side of the epithelium from which an effect of Li is demonstrated varies among the studies: mucosal Li is inhibiting in Singer et al. (26) experiments; serosal Li inhibits ADH action in Harris and Jenner's studies (27) . There are also inconsistencies with regard to the concentrations ofhormone needed to demonstrate the effect of Li. Water flows stimulated by supramaximal doses of vasopressin are inhibited in Singer's study (26) . In the more recent experiments of Tisher's group (28) , only submaximal concentrations of the hormone produce an effect that is inhibitable by Li. From studies on a mammalian cell system, the isolated rat papilla, it has been con-cluded that the water permeability response to ADH of the collecting duct is unaffected by Li (30) .
The purpose of the present study is to investigate directly the acute effects of lithium on the water permeability of the isolated perfused rabbit cortical collecting tubule. The choice of this segment of the nephron is justified by its crucial implication in the water conservation process.
Methods
New Zealand white rabbits, 1 (32, 33) . On the other hand, experiments on cortical collecting tubules (CCTs) incubated at 370C can be completed more rapidly but the response to AVP declines with time (34) . CCTs were generally mounted in the perfusion set up within 20-30 min after the death of the animal. Both ends of the tubules were insulated from the bath with Sylgard 184 (35) . A fluid exchange pipette, permitting complete replacement of the perfusate in < I min with the tubule in place, was mounted in the perfusion apparatus (35 (36) . The osmolality of the collected fluid was estimated from the concentration of the volume marker in the sample assuming that changes in the osmolality of the tubular fluid were secondary only to water abstraction without any significant solute movement. This assumption is valid in the isolated collecting tubule in the presence or absence of vasopressin (33, 34, 37) . Another assumption is that a for the main osmotically active solute, NaCl, is unity. This assumption has been verified to be true in the case of the CCT (38 
Experiments at 370C
Group 4: effect of short-time perfusion with Li on the basal water permeability. In the basal conditions oflow water permeability, five tubules were perfused at lower perfusion rates (2.5-6 nl/min). The perfusion fluid was initially free of Li and Lpbw was recorded after 60 min of perfusion (Lp1, control period) at which time it had decayed to its minimum level at 37°C (34) . Thereafter, the perfusate was replaced by a solution containing Li LS-Br-cAMP. The hydroosmotic response to each agent is calculated as the difference between the stimulated and the basal state. Groups 7 and 8: effect ofluminal lithium on the hydroosmotic response to A VP (group 7; n = 5) or to 8-Br-cAMP (group 8; n = 7). The same protocols as in groups 5 and 6 were followed except that the tubules were perfused with a solution containing Li 10 mM from the beginning to the end of the experiment. Lithium was thus present in the luminal fluid for -80 min before adding AVP or 8-Br-cAMP to the bath. Effect oflithium on the basal (ADH-independent) water permeability at 37°C (Fig. I and Preincubation with lithium ( Fig. 1) . In groups 7 and 8, the tubules were perfused with the lithium solution from the beginning of the experiment. The mean Lp b was 0.62±0.23. This value was significantly lower than that found in control tubules (groups S and 6) perfused under similar experimental conditions but without Li in the lumen (Lp = 1.69±0.30; P < 0.01). Thus, in these conditions lithium inhibited the ADH independent hydraulic conductivity by >60%.
Reagents

Discussion
Our studies on the effects of lithium on the water permeability of the isolated collecting tubule of the rabbit were intended as a direct approach to the early mechanisms by which acute lithium administration can impair the renal concentrating ability in man and animals. The In conclusion, we provide direct evidence that lithium inhibits the hydroosmotic action of vasopressin in the isolated CCT of the rabbit. The main site of action is probably at the level of the adenylate cyclase. To manifest its action on water conservation, lithium must be present at the luminal border of the tubular epithelium and probably needs to penetrate into the collecting tubule cells. We believe that the Li-ADH interaction at the level of the cortical portion of the collecting duct is the major and earliest determinant ofthe renal concentrating defect observed in humans and animals treated with lithium.
